INTROduCTION Exposure to tobacco smoke is an extremely important risk factor determining the development of respiratory diseases, cardiovascular diseases and cancer. Passive exposure is common and often not realized by the exposed subjects. Markers of tobacco smoke exposure are nicotine meta bolites, i.e. cotinine and trans-3'-hydroxycotinine.
Medical University, using nicotine meta bolites as specific markers, and to evaluate the exposure impact on the blood hemo globin level, peak expiratory flow (PEF) rate, lipid peroxidation level and antioxidant enzyme activity expressed as catalase (CAT) activity in erythrocytes.
PATIENTs ANd mEThOds
We studied 104 males, second-year students of the Faculty of Medicine, Wrocław Medical University, who declared only passive exposure to tobacco smoke. Students were enrolled into the study at random. The mean age of the study subjects was 22.0 ±1.4 years, height 176.88 ±6.94 cm, weight 74.70 ±9.32 kg, and body mass index 23.86 ±2.51 kg/m2. Subjects with a history of chronic systemic or meta bolic diseases were ineligible in this study.
Biochemical determination of particular substances in blood was performed in the study group. Each subject had an approximately 5-ml blood sample taken and ethylenediaminetetraacetic acid was used as an anticoagulant. Then the blood was centrifuged and the level of main nicotine meta bolites, i.e. cotinine and trans-3'-hydroxycotinine and levels of lipid peroxidation markers, i.e. malondialdehyde and 4-hydroxynonenal (MDA + 4-HNE) were determined in the collected supernatant using the immunoenzymatic assay. Determination of the nicotine metabolites was based on an original method. Tests consisted in immunochemical determination using polyclonal antibodies to cotinine and trans-3'--hydroxycotinine. The upper limit of the measurement range expressed as the ED 90 value was 3 ng/ml. The remaining blood cells were rinsed out 3 times with a normal saline solution, and then CAT activity was evaluated. Moreover, each subject had the PEF rate, hemo globin level and red blood cells count in peripheral blood determined. The PEF was measured using the hand-held Personal Best peak flow meter, according to the manufacturer's instructions. It was used as a respiratory function indicator because of simplicity of determination, better availability as compared to spirometry and published data indicating changes in the PEF rate as the most immediately detectable disorder of respiratory function in subjects exposed to tobacco smoke.
Based on the nicotine meta bolite levels, the study group was divided in the following 3 subgroups: 1 subgroup I with nicotine meta bolite levels >100 ng/ml, a group of distinct exposure to tobacco smoke including 38 subjects 2 subgroup II with levels 10-100 ng/ml, 32 subjects 3 subgroup III with meta bolite levels <10 ng/ml, a group of low (threshold) exposure to tobacco smoke, 34 subjects.
Cut off scores used to categorize the groups were taken from available literature. Due to the possibility of slight exposure to nicotine from the diet, it was assumed that values <10 ng/ml should be considered as negative.
INTROduCTION
In Poland, smoking is estimated to cause every second death in males aged 30-70. 1 Exposure to tobacco smoke is an extremely important risk factor determining the development of respiratory diseases, cardiovascular diseases and cancer. Cigarette smoking is the main cause of chronic obstructive pulmonary disease (COPD), which trebles the risk of myocardial infarction and a stroke.
2 Smokers are reported to have high blood cholesterol, higher prevalence of atherosclerosis and peripheral vascular diseases. 3 Smoking is one of causes of impotence in males and female fertility disorders, and increases the risk associated with use of contraceptives.
4 Smokers are also more prone to osteoporosis and Crohn's disease, and they more commonly develop resistant hypertension.
1 Respiratory tract, bladder, pancreas, kidney and stomach cancer is also more common in smokers.
5
Passive exposure is widespread and often not realized by the exposed subjects. 6-9 The impact of passive smoking on the human body has not been fully understood and seems to require investigation to determine its mechanisms.
10
In order to have smoking-induced health hazards appropriately estimated, the level of exposure to tobacco smoke should be correctly determined. The assessment could be done by a questionnaire or based on determination of the so-called exposure markers. Admittedly, a questionnaire is the simplest and an inexpensive approach to obtain information on smoking, however, it does not represent real exposure to tobacco smoke, especially when non-smokers with passive exposure to environmental tobacco smoke (ETS) are concerned. 11 Currently, it is thought that the most useful markers of exposure to tobacco smoke are nicotine meta bolites, i.e. cotinine and trans-3'-hydroxycotinine. Cotinine is the main product of nicotine transformation with long half-life (17-32 h) in the body. Sensitivity of methods measuring the cotinine level in body fluids ranges from 96% to 98%, and specificity from 97% to 100%.
12
The objective of the study was to assess the level of passive exposure to tobacco smoke among the students of the Faculty of Medicine of Wrocław The whole study group demonstrated negative linear correlations between blood nicotine meta bolite levels and erythrocyte CAT activity (r = −0.49; p <0.05) (FIGuRE 1) and between the nicotine meta bolite level and the PEF rate (r = -0.25; p <0.05) (FIGuRE 2). Moreover, blood nicotine metabolite levelsin the whole study group positively correlated with blood MDA + 4-HNE levels (r = 0.67; p <0.05) (FIGuRE 3). Furthermore, subgroup I demonstrated a negative linear correlation between levels of main nicotine meta bolites and hemo globin levels in peripheral blood (r = -0.73; p <0.05) (FIGuRE 4).
The multivariate stepwise reverse regression analysis showed that the independent factor of the oxidative stress increase (expressed by the increased level of lipid peroxidation metabolites) in the study group was the nicotine metabolite level in blood -oxidative stress increases with the increase in cotinine and trans-3'-hydroxycotinine levels, whereas the factor of the oxidative stress decrease (expressed by the decreased level of lipid peroxidation meta bolites) in the study group is the CAT -oxidative stress decreases with the increase in the CAT activity level. The association is presented below as a model resulting from regression analysis: Therefore, subgroup III could be treated as a control subgroup of subjects not exposed to tobacco smoke. Characteristics of subgroups established based on the nicotine meta bolite level in blood are presented in TAbLE 1. statictical analysis Statistical analysis was performed based on the STATISTICA 6.0 software (StatSoft Polska, Kraków). The results were presented as mean values and standard deviations. Distribution of variables was checked using the Shapiro-Wilk test. In case of non-normal distribution of variables parameters, the differences between the mean values were tested with the non-parametric equivalent of univariate analysis of variance (ANOVA), i.e. with the Kruskal-Wallis one-way ANOVA. Statistically significant differences were assessed using post-hoc tests. The analysis of correlation and regression was performed to determine the association between the tested variables. A p <0.05 was considered statistically significant.
REsuLTs
The mean level of main nicotine metabolites, i.e. cotinine and trans-3'-hydroxycotinine in blood supernatant of the subjects was 61.36 ±55.91 ng/ml. The subjects were divided in 3 groups of high, moderate and low exposure to tobacco smoke (36.54%, 30.77% and 32.69%, respectively). Mean hemo globin levels and erythrocyte counts in peripheral blood in the whole study group were 15.01 ±0.96 g/dl and 5.31 ±0.35 × 106, respectively. The mean PEF rate was 595.81 ±106.03 l/min. The mean total level of lipid peroxidation markers, i.e. MDA + 4-HNE, was 2.72 ±1.49 mmol/l, and erythrocyte CAT activity was 0.39 ±0.04.
In the subgroups singled out based on a criterion of nicotine meta bolite levels in blood, hemoglobin levels and erythrocyte counts in peripheral blood were similar. The subgroups were not statistically different in the mean PEF rate (TAbLE 2) .
The analysis of oxidative stress para meters in the subgroups showed statistically higher levels of MDA + 4-HNE in subgroup I than in subgroups II or III (I: 3.84 ±1.64 mmol/l; II: 2.25 ±0.94 mmol/l; III: 1.90 ±0.82 mmol/l; Abbreviations: CAT - catalase activity in erythrocytes, HB - hemo globin level in peripheral blood, MDA + 4-HNE - level of lipid peroxidation markers in blood, PEF - peak expiratory flow, RBC - peripheral blood erythrocyte count, others - see TAbLE 1 immediately detectable change in the spirometric test in smokers is a decrease in the PEF rate. In a study conducted in 2000 on a group of 3004 healthy young males aged 18-23, the PEF rate in smokers was statistically significantly lower than in the non-smoker group (96.6% of a normal value in smokers vs. 103% in non-smokers, p <0.05). 16 Although the current study did not demonstrate a statistically significant difference in the PEF rate between the study groups, it should be noted that the lowest PEF rate was characteristic of subjects with the highest exposure to ETS. Furthermore, the study showed a statistically significant adverse linear correlation between the PEF rate and the nicotine metabolite level in blood. This may indicate that passive exposure to tobacco smoke also leads to tobacco smoke -related lesions in the human respiratory tract. The smoker's body is also subject to quantitative and qualitative changes in blood composition. It is assumed that active smokers demonstrate a significantly higher number of leukocytes in peripheral blood. 17, 18 A number of neutrophils is particularly increased. 19 Moreover, the peripheral blood erythrocyte count and the hemo globin level are increased, and erythropoiesis is enhanced. This provides adaptation to chronic hypoxemia resulting from prolonged exposure to carbon oxide contained in tobacco smoke. 20 Published data concerning altered complete blood counts in subjects with passive exposure to tobacco smoke are limited, apart from being incomplete and contradictory. Lack of statistically significant differences between mean values of the erythrocyte count and the hemo globin level in blood in the compared subgroups, with the simultaneous strong adverse linear correlation between nicotine meta bolite levels and hemo globin levels in blood in the subgroup with high exposure to ETS, seems to exclude the chance of identical mechanisms underlying the impact of active and passive smoking on hemato logical para meters. The negative linear correlation between blood levels of hemo globin and nicotine meta bolite in subgroup I may even show no more options in adaptation of the body to changes occurring during clearly enhancedintensified exposure to ETS. For existing discrepancies, the impact of ETS on the erythrocytic system seems to require continuation and expanding research.
Most study findings seem to show that numerous oxidants in tobacco smoke induce oxidative damage and lead to enhanced oxidative modification of macromolecules. 21 Smokers demonstrate increased amounts of generated reactive oxygen species resulting in lipid peroxidation products having documented cytotoxic effect. 22 In a study conducted in 1994, Biagci et al. confirmed that oral administration of aqueous extracts of tobacco to rats, in the amounts corresponding both to active and passive exposure in humans, induced peroxidation of microsomal and mitochondrial lipids expressed by an increase in excretion dIsCussION According to NHANES III (Third National Health and Nutrition Examination Survey 1988-1991), passive exposure to tobacco smoke assessed based on serum cotinine involves 87.9% of the USA population and is significantly more common than it would appear from the results based on a questionnaire survey (43% of the subjects exposed to ETS). 13 The proportion achieved in this study, i.e. almost 70% of subjects with the cotinine level in blood supernatant exceeding 10 ng/ml, seems to demonstrate that exposure to ETS in Poland is also common. This result exceeds the ones obtained in previous studies made for selected populations in Poland based on questionnaire surveys, both multicenter and conducted by individual researchers.
6,7,9
One of the most immediately revealed effects of cigarette smoking is airflow impairment, expressed by abnormal spirometry results. 14 Components of tobacco smoke contribute to activation of pulmonary macrophages. Release of several inflammatory mediators and lytic enzymes (metalloproteinases, elastase, cathepsin) by granulocytes, stimulated by cytokines secreted by macrophages, migrating to inter stitial pulmonary tissue, favors the remodeling of the bronchial tree and in consequence leads to development of COPD. or Mezetii et al. found lower vitamin E levels in the tested bio logical materials. [25] [26] [27] However, according to Marangon et al., smoking results in an increase in the vitamin E level. 28 Few papers concerning vitamin C administration in subjects exposed to ETS indicated a decrease in ascorbic acid levels in the body as a result of exposure to tobacco smoke. Significantly lower vitamin C levels in plasma of both active and passive smokers were found by Princen et al. 29 and Howard et al. 30 A similar result, but only for active smokers, was achieved by Riemersma et al. 31 According to the current state of knowledge, the impact of tobacco smoke on the activity of antioxidant enzymes is considered to depend on the size of the exposure dose and the duration of exposure. Exposure to small doses of tobacco smoke, corresponding to passive exposure to ETS, causes a transient increase in the activity of those enzymes. On the other hand, exposure to high amounts of tobacco smoke compounds, of values typical of active smoking, results in exhausting the body's adaptability and a decrease in the activity of antioxidant enzymes. [32] [33] [34] This view is, however, a generalization, because there are reports on a different impact of smoking on the activity of antioxidative defense enzymes. Serwin and Chodynicka did not found statistically significant differences in activity of glutathione peroxidase between smokers and non-smokers. 35 Tabacova et al. observed increased CAT activity in pregnant smokers, even in those, who had the smoking index (a product of smoking duration in years and a number of cigarettes per day) >300. 36 The adverse linear correlation between the cotinine level and CAT activity in erythrocytes and statistically significantly lower CAT activity in subgroup I in comparison with subgroup III found in the current study also seem to question the above generalization. Probably even low passive exposure to tobacco smoke may result in exhaustion of adaptive antioxidative mechanisms. This in comparison with the study by Tabacova, may indicate the impact of other, except for exposure intensity only, factors on the direction of changes in the antioxidant enzyme activity in a body exposed to tobacco smoke. The presence of individual tendency to faster collapse of mechanisms "removing" free radicals among part of the population exposed to ETS seems probable.
Oxidative stress is multifactorial. Considering numerous factors at the same time while determining its level seems to be important. Available data do not provide consistent opinions concerning the determination of independent risk factors of oxidative stress. Based on the regression analysis, it was found that the high nicotine meta bolite level and decreased antioxidant enzyme activity in blood could be used as such risk factors. The resulting model may serve as a prototype for further studies aiming at its confirmation, supplementation or verification. As for today, it seems of MDA, formaldehyde, acetaldehyde and acetone in urine. 23 Likewise, Morrow et al. pointed out enhanced lipid peroxidation as a result of smoking in their study in 1995, when they used free and esterified F2-isoprostanes as a lipid peroxidation marker. 24 The current study might not only confirm the current concept that also passive exposure to tobacco smoke induces lipid peroxidation (statistically significantly higher levels of lipid peroxidation meta bolites in the group of subjects of cotinine level >100 ng/ml in comparison with the groups of moderate and low exposure to ETS), but shows a simple positive linear association between the nicotine meta bolite level in blood and the level of lipid peroxidation markers. This could lead to the conclusion that the influence of tobacco smoke on the body does not depend on the exposure mode (active or passive), but on its intensity.
On the other hand, the impact of smoking on the body's antioxidative defense, i.e. on the levels of nonenzymatic "scavengers" of free radicals -vitamins E and C, and enzymes (superoxide dismutase, glutathione peroxidase and CAT) is still not thoroughly examined. Published data assessing vitamin E management in subjects exposed to tobacco smoke yielded conflicting results. Most of the studies showed a decrease in the tocoferol educational inter ventions that focus on restricting the widespread smoking habit and having been conducted in Poland for several years, actions aiming at prevention of passive exposure to tobacco smoke, as a factor equally harmful to health, should be initiated. This suggestion is based on the fact that experience in the field of active smoking has unquestionably showed that in comparison with future costs of potential treatment, modern prophylaxis is far more effective and cost-effective.
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to provide some possibility of predictive determination of oxidative stress intensity based on given 2 independent risk factors.
The present study is not free from limitations and imperfections. The low enrolment of the study group, and in particular the subgroups established based on a criterion of nicotine meta bolite levels in blood, could be recognized as one of its main limitations. Although the requirements of statistical reliability of the study were met, i.e. the results were obtained in possibly homo genous groups consisting of more than 30 subjects, the enrolment was too low to provide direct generalizations about the population. The equally important limitation is lack of the comparison between subjects exposed to tobacco smoke and active smokers coming from the same population. Studies with the same group selection are planned soon. In the present paper, the authors tried to concentrate first of all on the inter esting, in their opinion, comparison of the determined para meters between non-smokers (subgroup III could be recognized as such) and non-smokers with passive exposure. Another limitation of the present study could be the assessment of respiratory function only based on PEF, instead of spirometry. The reasons for selection of such methodology were already mentioned above.
Despite the described imperfections, the current study seems, in the authors' opinion, to be the basis for further more accurate studies defining the impact of passive smoking on the body's condition. As mentioned above, the impact of passive smoking on the human body has not been sufficiently explained and seems to require studies aiming at the determination of its mechanisms. Furthermore, the study can increase the level of social awareness with regard to toxicity of passive exposure to tobacco smoke. Despite the fact that such exposure is common, the exposed persons often do not realize it. In the future, the results of the studies may help assess changes in the exposure to tobacco smoke in the following years, and the obtained regression model, after its previous confirmation, supplementation or positive verification, may be used for the prediction of oxidative stress intensity in the body, based on given 2 independent risk factors.
In conclusion, passive exposure to tobacco smoke in the study population of students was found to be common. The observed effects of passive exposure to tobacco smoke are similar to the effects of active smoking. The same mechanisms as those indicated for active exposure are probably the basis of lesions developing in the body during passive exposure to tobacco smoke. The level of pulmonary macrophage activation, oxidative stress intensification and dysfunction of antioxidative defense mechanisms of the body during passive exposure to ETS does not differ significantly from the intensity of analogous lesions developing in the body of an active smoker. Therefore, the authors suggest that apart from the continuation of integrated modern
